I. INTRODUCTION
These are scattering from turbulence ("Turbulent" Scatter), Fresnel Reflection or Fresnel Scatter, and Thermal Scatter.
Thermal (also known as Incoherent or Thomson) will not be discussed further here (for reviews see [I] and [2]). Turbulent (or Bragg) scatter results fiom the production of irregularities in refractive index by turbulence, for which the dominant Fourier scales correspond to half the projection of the wavelength of the radar onto the radiowave vector. Fresnel reflection (also known as partial reflection) results from the presence of irregularities in refractive index transverse to the radio wave propagation direction that are thm compared to the radar wavelength. For vertical incidence, true Fresnel reflection requires that the horizontal extent of the irregularity be greater than one Fresnel zone, which is ( h~) '~, where h is the wavelength and z the height of scatter, and that the vertical extent of the irregularity be less than about h/4. In practice, the minimum horizontal extent of the irregularity needs only he greater than that of the radar beam, and steps in refractive index of vertical extent less than h/4 will often contain Fourier scales strong enough to produce radar returns. Fresnel scatter results ost atmospheric radars operate in a monostatic when the scattering medium is coherent in the two configuration in a pulsed mode and utilize backscatter dimensions transverse to the probing wave, and random in from irregularities in the refractive index of the atmosphere. the direction parallel to the radiowave vector. A more Operating frequencies range ' Om around to 'Oo0 MHz, complete discussion of the various scattering mechanisms is with the higher frequencies being utilized for observatious given in [31. in the lowest part of the atmosphere. Some of the various types are in Table   The With practical observations, it is often not easy to determine variation in performance for MLT radars reflects the solar which mechanism dominates, and a major uuce*ty in the control of the ionization of the 60 to 80 km height region, nature of the cOncemS whether retumS and the consequent availability of free electrons to act as occur from true steps in refractive index, that is, partial tracers for the neutral motions. reflection, or from turbulent scatter from anisotropic , irregularities (see e.g., [4]). A basic problem is that sharp gradients persist for much longer than is expected given the mixing and diffusive processes that occw in the atmosphere. For example, at mesospheric heights, sharp gradients should be rapidly weakened through molecular diffusion. One notion due to Bogliano [5] combines the two scattering mechanisms and may provide a partial explanation. He suggested that turbulent regions would be bounded by sharp gradients in electron density, and that partial reflection might occur from these boundaries.
Atmospheric radars use the gradients in the refractive index as targets to determine the motion of the background wind and turbulence intensity using a variety of techniques. The refractive index, n, of air at frequencies greater than around 30 MHz is given by M 
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example of a.state of the art atmospheric Doppler radar is described in Figure 1 .
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where P is the transmitted power, A is the effective antenna area, a is the total efficiency factor of the system, AR the radar pulse length range, R the range, and 7 the volume reflection coefficient, a measure of the strength of the turbulence.
Scatter also occurs from sharp steps or gradients in rehctive index. In this case, the scatter is termed Fresnel scatter or Fresnel reflection. The power returned is given by where h is the radar wavelength, and p is the amplitude reflection coefficient. The presence of relatively long-lived sharply bounded gradients in refractive index that should be rapidly dissipated by turbulent and diffusive effects, and which are readily detected by both high resolution balloon soundings and radars is a particularly poorly understood aspect ofthe atmosphere.
Radar returns from the atmospheric at frequencies lower than UHF usually consist of a mixture of both Bragg and Fresnel types of scatter, and exhibit considerable aspect sensitivity, with maximum returns from the zenith.
The performance of an atmospheric radar system can be roughly described by the product of P and A, the "power aperture product" that appears in equations (2) and (3). Generally, at VHF, a power aperhue product exceeding around 5 x 10' Wm' would provide a measurement capability throughout the 1 to 20 Km height region, and provide a limited daytime mesospheric (60 -80 km) measurement capability. Most current VHF radars utilize the Doppler Beam Swinging (DBS) Technique. 
B. Hybrid Doppler Interferometer
A major consideration with radars operating in the lower VHF hand is the effect of the atmospheric aspect sensitivity on the antenna polar diagrams. For the DBS technique, with off-vertical beams, the effect is to bias the polar diagrams hack towards the zenith. With relatively broad beams (or relatively small antenna arrays, say > 4") the effect can result in severe underestimation of the radial velocities.
However, if the mean angle of arrival can be determined, such arrays is that fewer antennas are required to achieve a the bias can be determined. This suggests a combined relatively narrow beam. The disadvantage is that not all of Doppler -Interferometer mode of operation, in which the transmitted power is available in the receive beam, and hardware beam-steering is applied on !ammission to form a sidelobes may limit performance.
Such arrays are relatively narrow transmit beam, and the retumed signal is particularly attractive for work at MF in the MLT region, received on multiple sections of the m y , so that the receive where the radar backscatter cross-section is very high, and beam can be formed in solhare (see Figure 2) . 
C. Non-Filled Arrays
Recently, new arrays similar to that operated at Bribie Island in Queensland for some years [9] have been constructed at both HF and VHF [lo] . These typically consist of two orthogonal arms of antennas, each of which produces a fan type polar diagram. In earlier systems, one arm was used for transmission, and the other for reception, but most new systems transmit and receive on both arms. The intersection of these fan beams is a pencil type beam, which can be utilized for Doppler work. The advantage of 
SPACED ANfENNA TEC1NQUFS
In many slruations, the Spaced Antenna (SA) technique utilizing the Full Correlation Analjsis (FCA) offers advantages. These include the need for only relatively small antenna anays, and no requirement for beam steenng.
The DBS and SA methods use the same information. The DBS technique exploits the change in the mean Doppler shift with azimuth angle, and samples small spatially separated volumes. The SA methods make use of the fact that the variafion in the Doppler shift with angle is such that the resultant field moves over the ground as a random panem with a velocity hvice that of the horizontal wind at the backscatter height (see [ I l]J. The ahmtage of these techniques is that small antenna arrays can be used, because only broad, vertically directed beams are required. These techniques are all vanations on imaging techniques in the sense that the) anempt to reconstma the ground diftiaction pattem produced b) backscaner from irregularities in refractke index, and so infer the backscaner polar diagram from a limited set of observations on the ground. Most rrcently, cheaper and faster computing has permitted a larger number of receiver channels to be economically employed to sample the ground diffraction pattem. Figure 5 . This system is installed at Sydney Airport and is operated hy the Australian Bureau of Meteorology.
The technique utilizes a minimum of three spaced antennas to sample the ground diEaction pattern produced hy the backscanering irregularities, and cross correlation techniques are used to determine its velocity of motion. The analysis takes account of random changes in the panem, and also any anisotropy of the pattem, so that both horizontal components of the wind field are measured at a particular 
A. The FCA Technique
This spaced-sensor technique has been applied at MF to investigate the atmosphere in the 60-100 km height region since the mid-1960's [12] , and has been applied at VHF to measure wind velocities in the 2-20 km height region since 
B. IDI-Like Techniques
One of the first of a group of new interferometric techniques was termed Imaging Doppler Interferomew (IDI) [17] . The aim of this technique is to track individual radiowave scatterers in the neutral atmosphere, and it was first applied at Medium Frequencies (MF). The experimental setup utilizes spaced antennas to sample the radio waves partially reflected or hackscanered from the atmosphere. The analysis then looks for evidence of down-coming plane wave radiation, and uses spectral techniques to locate a scattering position for each frequency bin. A radial velocity is associated with each scattering position and the entire wind field can then he reconstructed. V. CONCLUSION This paper has provided a brief overview of atmospheric radars operating from the MF to lower VHF band used to investigate the atmosphere up to heights of around 110 km. More detailed descriptions of the capabilities of MFiHF radar systems are provided in [Zl] , of the meteorological applications of VHF radar systems in [40] , and of HF ionospheric radar applications in [37l. 
